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economic burden imposed by the treatments required, reach-
ing €4.4 billion [3]. Thus, there is an urgent need to explore 
interventions that not only enhance patient outcomes but also 
contribute to the economic sustainability of healthcare sys-
tems [4]. Effective management of ESRD depends, in part, 
on patients’ ability to understand their disease and identify 
complications or a worsening of their condition at an early 
stage. Along with treatment, therapeutic education plays a 
major role in providing patients with the knowledge and skills 

Introduction

Chronic kidney disease (CKD) and its most severe compli-
cation, end-stage renal disease (ESRD), represents a signifi-
cant global health challenge, with profound implications for 
both affected individuals and healthcare systems [1, 2]. In 
2021 alone, ESRD affected 101,000 persons in France and its 
impact is not only measured in lives lost or deteriorations in 
patients’ quality of life (QoL) but extends to the substantial 
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Abstract
Objectives  Chronic kidney disease and its most severe complication, end-stage renal disease (ESRD), represents an esti-
mated financial burden of €4.4 billion in 2021 in France. Therapeutic patient education (TPE) improves ESRD management 
and health outcomes. This study explored whether providing access to an interactive web-based TPE platform with com-
munity features was cost-effective.
Methods  A within-trial cost-utility analysis was carried out over an 18 months horizon, using data from the PIC-R (Plate-
forme Interactive Communautaire—dialyse et transplantation Rénale) trial. ESRD or post-transplant patients were ran-
domized 1:1:1 to a control group with no specific TPE program (Control), an intervention group with online TPE (e-TPE) 
and an intervention group with online TPE coupled with community features such as a patient forum and a chatroom with 
both patients and health care professionals (e-TPE + chat). The outcome measure was the cost per quality-adjusted life-year 
(QALY) and per year of full capability (YFC). Both intention-to-treat (ITT) and per protocol (PP) analyses were conducted, 
and missing data were handled using multiple imputation and selection models. Sensitivity analyses were performed.
Results  Among the 815 patients assessed for eligibility across 12 French centres, a total of 549 patients were included in the 
economic analysis: 186 in the Control group, 189 in the e-TPE group and 174 in the e-TPE + chat group. The e-TPE group 
demonstrated cost savings and slightly higher QALYs compared to the control group, making e-TPE dominant. Conversely, 
the e-TPE + chat intervention resulted in higher costs without substantial effectiveness gains, making it not cost-effective.
Conclusions  e-TPE was deemed cost-effective for ESRD patients, while e-TPE + chat was not. Web-based platforms improve 
ESRD management when targeted to likely users.

Keywords  Cost-effectiveness analysis · Cost-utility analysis · End-stage renal disease · Patient therapeutic education · 
Randomized clinical trial · Web-based intervention.
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essential for understanding and proactively managing their 
condition. In its economic assessment of end-stage chronic 
renal failure in 2014 [5], the French National Health Authority 
(HAS) emphasized the importance of therapeutic patient edu-
cation (TPE) to reduce the probability of progression to more 
advanced stages of the disease. This educational component is 
crucial in empowering patients and enabling them to actively 
participate in their care, contributing, in so doing, to improved 
health outcomes [6, 7]. Patient associations increasingly pro-
vide forums to share experience and narratives among indi-
viduals facing similar health challenges and there is growing 
recognition of the benefits of such patient-to-patient interac-
tions. Combining patient-to-patient with more traditional 
patient-to-professional interactions was the main purpose of 
the PIC-R (Plateforme Interactive Communautaire—dialyse 
et transplantation Rénale) platform, thereby enhancing exist-
ing TPE methods. Based on evidence showing their positive 
impact on patients’ empowerment and prognoses, original 
web-based educational materials have been developed [8–11], 
allowing ESRD patients to receive information and updates 
about their disease, with direct interactions both with the 
care team and among themselves [12–15]. The PIC-R plat-
form was expected to provide ESRD patients with an earlier 
detection of symptom deterioration through disease monitor-
ing, and earlier intervention from the care team when needed, 
thereby reducing the need for emergency hospitalisations and 
ultimately slowing down disease progression.

In this study we conducted a cost-utility analysis of the 
online interactive TPE platform compared to usual care for 
patients with ESRD, based on PIC-R trial data. To the best 
of our knowledge, this was the first study aiming to assess 
both economic impacts and effectiveness of integrating an 
online interactive TPE platform with community features in 
the care pathway of patients with ESRD.

Methods

Population and design

The PIC-R trial, a prospective multicentre study, was conducted 
in 12 French nephrology centres. Patients were randomized 
1:1:1 to a control group with no specific education program 
(Control) and two intervention arms (e-TPE and e-TPE + chat) 
which both provided access to a web-based e-Health plat-
form offering patients therapeutic education, with exhaustive 
information and real-time updates about their condition. Only 
patients in the third arm (e-TPE + chat) benefited from additional 
community features’ functionalities such as “likes,” content 
sharing, forming connections, moderated forums, interest-based 
groups, and a chatroom with both patients and healthcare pro-
fessionals. The platform’s content, including TPE information, 

news, advice, texts, emails, tests, and quizzes, was tailored and 
expanded by each participating centre to meet the unique needs 
of their own patients. Patients were aged at least 18 years, with 
a severe ESRD (postransplanted or undergoing dialysis treat-
ment or neither). All patients had computer literacy and internet 
access and they provided written informed consents. The trial 
(ClinicalTrials.gov identifier: NCT03090828) was approved by 
the Ile de France ethics committee, and by the French national 
medicines agency (ANSM). Authorisation for the consolidated 
patient database was obtained from the French data protection 
committee (CNIL) and registered as DR 2017–272. Full details 
of the protocol have been published [16].

Cost data

Costs, expressed in EUR 2022, were assessed from the per-
spective of the health care system, in accordance with HAS 
methods guidance. The time horizon covered a period of 18 
months after randomization and a discount rate of 2.5% was 
applied in line with the French recommendations [17]. The 
study results were reported according to standard guidelines 
for economic evaluation [18].

Resource use items were recorded for each participant. 
The total costs per patient included the following resource 
items related to an ESRD condition: hospitalizations 
(inpatient, outpatient, home care hospitalization) includ-
ing haemodialysis sessions, kidney transplant, specialist’s 
(nephrologist) consultation, visits to the emergency depart-
ment, transportation, and platform-related costs for patients 
enrolled in the two intervention arms. For hospitalizations 
and visits to the emergency department, resource use items 
were provided by local hospital discharge databases for 
each participant. Costs were assessed based on the diag-
nosis-related group (DRG) tariffs, or groupe homogène de 
malades (GHM) in France, using the average cost reported 
yearly in the French national costing study (étude nationale 
de coûts – ENC 2022) [19]. Additionally, patient-reported 
questionnaires provided information on other medical 
events and non-hospital care. This combined use of hospital 
records and patient-reported data enabled cross-validation, 
ensuring a thorough assessment of healthcare resource uti-
lization. Costs of transportation were based on the French 
national health insurance accounts. An average amount 
reimbursed per transport to and from hospital of €2022 108.3 
was applied. Platform-related costs for patients enrolled in 
the two intervention arms included costs related to health 
care professionals’ (HCPs) training and activity. To estimate 
the former, information was collected through a question-
naire on the number of hours per month dedicated to activi-
ties related to the platform. Data from three representative 
centres (Pitié-Salpêtrière, Paris, Toulouse and Tours) were 
used to estimate the additional time spent by healthcare 
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professionals (physicians, nurses) on platform-related activ-
ities, which was then multiplied by unit costs (€2022 1.60 per 
minute for physicians and €2022 0.60 per minute for nurses). 
Licence costs that have been divided by the number of ini-
tially targeted patients (n = 800) were also included. Finally, 
costs related to additional community features’ functional-
ities were allocated to the e-TPE + chat group, which was 
the only group to benefit from such functionality. Unit costs 
are presented in supplementary material 1.

One-way sensitivity analyses were conducted by varying 
platform-related costs parameters by plus or minus 20% and 
illustrated graphically in a tornado diagram using Treeplan 
SensIt®.

Health-related outcomes

The primary health outcome of the cost-utility analysis was 
quality-adjusted life years (QALY) at 18 months. Partici-
pants completed the EQ-5D-5 L™ questionnaire at baseline, 
9 months, and 18 months after randomization. This ques-
tionnaire assesses five dimensions of health-related quality 
of life (mobility, self-care, usual activities, pain/discomfort 
and anxiety/depression) on a 5-point scale. Overall health 
was scored using French specific EQ-5D weights [20]. 
QALYs were estimated for each participant at 18-months as 
the area under the curve of the EQ-5D-5 L™ index values.

In addition to the EQ-5D-5 L™, the ICECAP-A (Investi-
gating Choice Experiments Capability Measure for Adults) 
was administered at the same intervals (baseline, 9 months, 
and 18 months). The ICECAP-A is a capability-based mea-
sure that complements the EQ-5D by capturing broader 
aspects of well-being and capability, assessing five dimen-
sions: stability, attachment, autonomy, achievement, and 
enjoyment. Each dimension is scored at four levels, from 
full capability to no capability. ICECAP-A utility scores, 
ranging from 0 (no capability) to 1 (full capability), were 
calculated using UK-specific tariffs derived from a best-
worst scaling method [21]. These scores were used to esti-
mate years of full capability (YFC) for each participant, 
calculated as the area under the curve of the ICECAP-A 
scores over the follow-up period [22].

Since the PIC-R is a biomedical study classified as negligi-
ble risk, no adverse events (AEs) were recorded in this study.

Cost-utility analysis

The incremental cost-effectiveness ratios (ICERs) were 
calculated based on the mean cost differences between the 
intervention arms (e-TPE and e-TPE + chat) and the con-
trol arm, divided by the mean effectiveness differences 
(measured as both QALYs and YFC). This dual-outcome 
approach provides a more comprehensive assessment of 

both health utility (QALYs) and overall quality of life (YFC) 
gained from each intervention. Although a reference value 
(i.e. a threshold representing the maximum acceptable ceil-
ing ratio) is not specified in France, the European EuroVAQ 
project estimated the value of a QALY ranging from €1,811 
to €54,612 [23, 24] for France, and if we refer to the pub-
lication of Pichon-Riviere et al., threshold based on per-
capita health expenditures and life expectancy for France is 
US$40,006 (2019 value) per QALY [25].For this study, we 
used an updated threshold of €32,393 (2022 value), based 
on the estimate by Pichon-Rivière et al., adjusted for infla-
tion using the Consumer Price Index (CPI) and subsequently 
expressed in euros at purchasing power parity. The uncer-
tainty surrounding the ICERs was captured by a sensitivity 
analysis using non-parametric bootstrap methods as recom-
mended by HAS. Simulated bootstrap samples (1000) were 
generated by independent draws with replacement from 
pairs constituted by the mean cost difference and the mean 
effectiveness difference between intervention arms, such 
that the correlation between cost and effectiveness was pre-
served. These 1000 pairs were represented by a scatter plot 
corresponding to an estimate of their joint distribution. Con-
fidence regions for these pairs were represented by ellipses 
at the 50% and 95% levels. To further increase robustness, 
uncertainty surrounding ICER estimates was accounted 
for by calculating the probability to belong to each one of 
the quadrants of the cost-effectiveness plane, in addition to 
confidence ellipses. Results are also presented using cost-
effectiveness acceptability curves (CEACs), which show 
the probability of each treatment having greatest net ben-
efit, and rank probabilities, which show the probability each 
treatment has the greatest, second-greatest, third-greatest 
net benefit. Rank probabilities show a fuller picture than the 
CEAC of the uncertainty in the decision for multiple treat-
ment comparisons [26]. The cost-effectiveness acceptability 
frontiers (CEAFs) were also generated to identify the treat-
ment with the highest expected net benefit at each threshold.

Handling of protocol deviations and missing data

Both intention-to-treat (ITT) and per protocol (PP) analyses, 
excluding patients who never used the platform, were carried 
out. To handle missing data [27],, we initiated a thorough 
examination of the missing data mechanism, as suggested 
by R. Faria et al. [28]. We used a combination of descriptive 
statistics and linear logistic models to explore missing data. 
Descriptive statistics offered an initial view of the patterns of 
missing data. We subsequently incorporated indicators related 
to the missing data on both cost and EQ-5D-5 L, considering 
factors such as treatment allocation and a selection of baseline 
variables. The logistic models shed light on the relationship 
between the probability of data being missing and observed 
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models. Model 1, MI using predictive mean matching 
(MI-PMM) coupled with a seemingly unrelated regression 
(SUR) model [31] was chosen to handle missing data under the 
assumption of MAR. MI using linear regression, and repeated 
measure mixed model were also explored, both models being 
well-established and widely recognized for their efficacy 
in scenarios where missing data can be considered random 
[32, 33]. Model 1 showed better performance in handling 
missing value imputation, (see supplementary material 2) 
which is in line with the conclusions of the literature [32]. 
Model 2 relied on a selection model under the assumption 
of an MNAR pattern [34]. This systematic exploration of 
missing data mechanisms contributes to the reliability and 
validity of our study results. All statistical analyses were 

information, enabling us to distinguish between missing 
completely at random (MCAR), missing at random (MAR), 
and missing not at random (MNAR) mechanisms [29]. Our 
results provided compelling evidence against the MCAR 
mechanism, indicating that the missing data in our dataset 
exhibited patterns. Therefore, multiple imputation using 
chained equations (MICE) [30] was employed to impute the 
remaining missing data under the assumption of missingness 
at random (see supplementary material 2). To account for the 
possibility of MNAR data, we conducted sensitivity analyses 
under various scenarios where the missing data is not missing 
randomly, ensuring that our findings remain robust across 
different potential mechanisms. A systematic strategy was 
used to address missing data by estimating two different 

e-TPE+chat Usual education + web-

based content with social features

M0
174 patients 

e-TPE = Usual education + web-based 

content 

M0
189 patients 

Control arm = Usual education

M0
186 patients

815 patients assessed for eligibility

266 patients excluded from economic analysis 

because of missing data of EQ-5D and 

ICECAP-A scores at baseline.

549 patients included in the 
analysis 

M9
46 (26%) never used the platform.M9

49 (26%) never used the platform.

M9
No patients were excluded.

M18
49 (28%) never used the platform.

M18
52 (28%) never used the platform.

M18

No patients were excluded.

174 included in intention -to-treat 

analysis.

125 per protocol analysis.

189 included in intention -to-treat 

analysis.

137 per protocol analysis.

186 included in intention -to-treat 

analysis.

186 per protocol analysis.

Fig. 1  Consort diagram showing enrolment allocation baseline and follow-up
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€228.68 in the e-TPE + chat arm. The difference cames from 
the training module, which only applies to eTPE + Chat. 
One-way sensitivity analyses of the costs of the platform 
showed that the most sensitive parameter was the number of 
patients using it (see supplementary material 3).

performed using STATA® software (version 17.0) (StataCorp 
LP; College Station, TX, USA) for Model 1 and R (version 
3.0, R Foundation for Statistical Computing, Vienna, Austria) 
for Model 2.

Results

Patient characteristics

Among the 815 patients who were screened in the PIC-R 
trial from May 2018 to January 2021, 266 were excluded 
from the economic analysis for not having completed the 
initial EQ-5D and ICECAP-A questionnaires. Finally, 549 
patients were included in the economic analysis:186 (33.9%) 
in the control arm, 189 (34.4%) in the e-TPE arm and 174 
(31.7%) in the e-TPE + chat arm (see Fig. 1). Protocol devia-
tions, defined as lack of platform usage, were found for 101 
patients who reported not having used the platform over the 
18 months, with an equal distribution in the two interven-
tion arms (52 in the e-TPE arm and 49 in the e-TPE + chat 
arm). The most frequently stated reason for not using the 
platform was that therapeutic information was readily avail-
able from other sources (71%). 448 patients were therefore 
included in the PP analysis.

Baseline characteristics were similar across the three 
arms (see Table 1).

Costs

The total mean 18-months cost per patient is shown in 
Table 2 for both ITT and PP populations. In the ITT popu-
lation, the mean (SD) total costs per patient were €13,344 
(1,848), €12,657 (1,724) and €16,618 (2,379) for the con-
trol, e-TPE and e-TPE + chat arms, respectively. In the 
PP population, e-TPE + chat was also the costliest arm at 
€15,588 (2,728); The e-TPE arm recorded the lowest mean 
costs at €12,242 (2,021) as the costs of the platform (€472) 
were compensated by reduced medical costs (€11,769 
(2,021) vs. 13,344 (1,848) for the control arm, p = 0.009). 
[Insert Table 2]. Regarding more specifically the costs of the 
platform, the overall estimated healthcare personnel cost per 
patient (HCPs training and involvement) for both the e-TPE 
and e-TPE + chat groups was €256.02 (Pitié-Salpêtrière, 
Paris: 1 physician hour for 7 patients led to a cost of €13.71 
per patient per month (€246.86 total); Toulouse: 7 physi-
cian hours and 10 nurse hours for 60 patients led to a cost 
of €17.20 per patient per month (€309.60 total); Tours: 6 
physician hours per month for 49 patients led to a cost of 
€11.76 per patient per month (€211.60 over 18 months)). 
Licence cost was estimated at €216.35 in the e-TPE arm and 

Table 1  Baseline characteristics
Characteristics All 

(n = 549)
Control 
(n = 186)

e-TPE 
(n = 189)

e-
TPE + chat 
(n = 174)

Age, mean (SD) 54 (13) 53 (13) 54 (14) 54 (13)
Sex, n (%)
Women 204 

(37%)
72 (39%) 66 (35%) 65 (37%)

Men 345 
(63%)

113 (61%) 123 
(65%)

109 (63%)

Married, n (%) 303 
(55%)

100 (54%) 116 
(61%)

87 (50%)

Higher Education, 
n (%)

355 
(65%)

121(65%) 134 
(71%)

100 (57%)

Occupation, n (%)
Executive and liberal 
professions

98 (18%) 34 (18%) 41 (22%) 23 (13%)

Intermediate 
professions

22 (4%) 10 (5%) 9 (5%) 3 (2%)

Employee 148 
(27%)

50 (27%) 44 (23%) 54 (31%)

Others 281 
(51%)

92 (50%) 95 (50%) 94 (54%)

Smoker, n (%) 59 (11%) 25 (14%) 12 (6%) 22 (13%)
Causes, n (%)
High blood pressure 69 (13%) 21 (11%) 26 (14%) 22 (13%)
Diabetes 58 (11%) 18 (10%) 13 (7%) 27 (16%)
Berger’s disease or 
rheumatoid purpura

65 (12%) 21 (11%) 25 (13%) 19 (11%)

Autoimmune inflam-
matory disease

16 (3%) 7 (4%) 4 (2%) 5 (3%)

Polycystic kidney 
disease

120 
(22%)

48 (26%) 48 (25%) 24 (14%)

Repeated 
pyelonephritis

8 (1%) 2 (1%) 3 (2%) 3 (2%)

Chronic abnormality 
or obstruction of the 
urinary tract

25 (5%) 6 (3%) 8 (4%) 11 (6%)

Others 114 
(22%)

44 (24%) 32 (17%) 38 (22%)

Unknowns 74 (13%) 19 (10%) 30 (16%) 25 (14%)
Treatment, n (%)
Post-transplant 401 

(73%)
138 (74%) 137 

(72%)
126 (72%)

Dialysis 68 (12%) 22 (12%) 22 (12%) 24 (14%)
Neither (no dialysis 
or transplantation)

80 (15%) 26 (14%) 30 (16%) 24 (14%)

EQ-5D Scores at M0 
mean (SD)

0.90 
(0.15)

0.90 
(0.13)

0.90 
(0.15)

0.89 
(0.17)

ICECAP-A Scores at 
M0, mean (SD)

0.89 
(0.11)

0.89 
(0.11)

0.89 
(0.11)

0.89 (0.1)
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maintaining slightly higher QALYs. The mean (SD) cost 
differences per patient were -€747 (1,831) and -€267 (750) 
for multiple imputation models 1 and 2, respectively, with 
corresponding QALY differences of 0.02 (0.02) and 0.01 
(0.01). Consequently, the e-TPE intervention was dominant 
in both models. The differences in YFCs were negligible at 
0 (0.01) in model 1 and 0 (0) in model 2. Conversely, the 
e-TPE + chat intervention showed increased costs without 
substantial gains in effectiveness. Compared to the control, 
mean (SD) cost differences were €3,553 (2,400) in model 
1 and €5,048 (1,988) in model 2, while QALY differences 
were 0 (0.02) and − 0.01 (0.01), respectively. YFC differ-
ences followed a similar pattern, with no gains in model 
1 and a slight reduction of −0.01 (0.01) in model 2. As a 
result, the e-TPE + chat intervention was dominated by the 
control arm in the ITT analysis, failing to provide improved 
health outcomes despite higher costs.

In the PP analysis, which excluded the 101 patients who 
reported never using the platform, the overall cost-effec-
tiveness findings remained consistent with the ITT analysis. 
The e-TPE arm continued to be cost-saving, with mean (SD) 
cost differences of -€877 (2,090) and -€586 (856) in mod-
els 1 and 2, respectively, while maintaining QALY gains 
of 0.02 (0.02) and 0.01 (0.01). YFC differences remained 
stable at 0 (0.02) and 0 (0), reinforcing the cost-dominance 
of e-TPE in both models. For the e-TPE + chat intervention, 
costs were actually higher than the control arm, with mean 
(SD) cost differences of €2,353 (2,692) and €4,916 (2,621) 
in models 1 and 2, respectively. QALY differences remained 
minimal, at 0.01 (0.02) in model 1 and 0 (0.01) in model 2, 
and YFC differences were also small (0.01 (0.02) in model 
1 and 0 (0) in model 2). As a result, the e-TPE + chat inter-
vention was not cost-effective, with an ICER of €235,317 

Health-related outcomes

At 18 months, the mean (SD) QALYs in the ITT popula-
tion were 1.36 (0.01) in the control arm, 1.38 (0.01) in the 
e-TPE arm, and 1.36 (0.02) in the e-TPE + chat arm. The 
corresponding values in the PP population were 1.36 (0.01), 
1.39 (0.02), and 1.37 (0.02), respectively. Similar trends 
were observed for the YFC. At 18 months, the mean (SD) 
YFC scores in the ITT analysis were 1.35 (0.01) in the con-
trol group, 1.36 (0.01) in the e-TPE arm, and 1.36 (0.01) in 
the e-TPE + chat arm. The PP analysis yielded identical YFC 
scores for the control and e-TPE + chat groups, while the 
e-TPE group showed a slightly higher score of 1.36 (0.01).

Mortality rates remained low across all arms. At 18 
months, 1 patient (0.5%) in the control arm had died, com-
pared to 3 patients (1.6%) in the e-TPE group and 3 patients 
(1.7%) in the e-TPE + chat group under ITT analysis. In the 
PP analysis, mortality rates were 0.5% (1 patient) in the con-
trol arm, 2.2% (3 patients) in the e-TPE arm, and 2.4% (3 
patients) in the e-TPE + chat arm (see supplementary mate-
rial 4).

Cost-utility analysis

Table 3 shows the results of the costs and QALYs after mul-
tiple imputation, along with the differences in YFCs. Mul-
tiple imputation models 1 and 2 include all 549 randomized 
patients, although 65% (357) had complete cost data at 18 
months. The proportion of patients with complete costs, 
QALYs and YFCs data was similar in the control (68%), 
e-TPE (63%) and e-TPE + chat (63%) arms.

In the ITT population, patients in the e-TPE arm expe-
rienced lower costs compared to the control arm while 

Table 2  Mean costs per patient of usual e-TPE (control), e-TPE and e-TPE + chat strategies for ESRD treatment over 18 months (in €2022) after 
multiple imputation models

Intention-to-treat Analysis Per-Protocol Analysis
Control 
(n = 186)
Mean (SD)

e-TPE 
(n = 189)
Mean (SD)

e-TPE + chat 
(n = 174)
Mean (SD)

Control 
(n = 186)
Mean (SD)

e-TPE (n = 137)
Mean (SD)

e-
TPE + chat 
(n = 125)
Mean (SD)

Costs of HCPs platform activitiesa 0 256 256 0 256 256
Costs of the platform licence and 
formationb

0 216 229 0 216 229

Costs of the platform (1) 0 472 485 0 472 485
Medical costsc (2) 13,344 

(1,848)
12,185 
(1,724)

16,133 (2,379) 13,344 
(1,848)

11,769 (2,021) 15,104 
(2,728)

Total costs (1)+(2) 13,344 
(1,848)

12,657 
(1,724)

16,618 (2,379) 13,344 
(1,848)

12,242(2,021) 15,588 
(2,728)

aHCPs health care professionals.
bThe costs of the platform licence and formation differ between e-TPE and e-TPE + chat depending on whether or not the group includes addi-
tional community functions.
As we applied standard cost methodology, SDs are not applicable.
cMedical Costs included inpatient and outpatient care.
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CEAC shows that at a willingness-to-pay (WTP) thresh-
old of €32,393 per QALY, e-TPE has a 78% probability of 
yielding the highest net benefit, while control has a 22% 
probability, and e-TPE + chat has a 0% probability (Fig. 2a). 
In the PP analysis (model 1), the CEAC shows that at a 
threshold of €32,393 per QALY, e-TPE has an 79% prob-
ability of yielding the highest net benefit, followed by con-
trol at 21%, and e-TPE at 0%. Figure 2b presents the CEAF 
for the ITT population (model 1). Finally, Fig. 2c presents 
the rank probabilities of each treatment based on the mean 
net benefit and the variation in these rankings. The CEAC, 
CEAF, and rank probabilities for model 1 (PP population) 
and model 2 (ITT and PP populations) are provided in Sup-
plementary Material 6. At a threshold of €32,393 per QALY, 
e-TPE ranks first, control second, and e-TPE + chat third in 
both ITT and per-protocol analysis.

Discussion

The present study provided insights into the cost-effective-
ness of integrating a web-based interactive TPE platform 
into the care pathway for ESRD patients. Effective manage-
ment of ESRD increasingly relies on the ability of patients 
to understand their disease and to identify complications or 
disease worsening at an early stage. Digital health innova-
tions are transforming healthcare by fostering synergies 
between independent, hospital, and medico-social pro-
fessionals, while also posing challenges in funding and 
evaluation [35]. As reimbursement frameworks for digital 
solutions evolve, their integration into healthcare systems 
requires careful assessment [36]. The HAS has issued a 
recent decision-support guide outlining key considerations 
for their integration into clinical practice, particularly in 
terms of safety, performance, and care coordination [37]. 
Our findings contribute to the growing body of evidence 
documenting the value of patient education in ESRD.

Our results first show that under ITT (multiple impu-
tation models 1 and 2) and PP (both multiple imputation 
models 1 and 2) analyses, the e-TPE platform was cost-
effective compared to standard care. Conversely, standard 
care remained more cost-effective than e-TPE + chat under 
ITT (multiple imputation models 1 and 2) and PP (model 2), 
with a particularly high incremental cost-effectiveness ratio 
(ICER) in PP (model 1), making it unlikely to be a cost-
effective alternative. Given these findings, while the e-TPE 
platform offers good value for money, the inclusion of com-
munity features should be carefully considered in light of 
healthcare priorities and budget constraints.

Interestingly, costs were lower for both e-TPE and 
e-TPE + chat in the PP analysis (12,242 (2,021) and 15,588 
(2,728)) compared to ITT analysis (12,657 (1,724) and 

per QALY gained in model 1, while being dominated by the 
control in model 2. This suggests that the addition of social 
features did not improve cost-effectiveness.

The probabilities of the ICERs falling within each quad-
rant of the cost-effectiveness plane are detailed in Supple-
mentary Material 5. In the ITT population (model 1), the 

Table 3  Results from non-parametric bootstrap for cost-utility analysis 
(in €2022)

ITT (n = 549) PP (n = 448)
Model 1 Model 

2
Model 1 Model 

2
100 
MI-PMM

Selec-
tion 
model

100 
MI-PMM

Selec-
tion 
model

Difference in cost
Mean 
(SD)

e-TPE vs. 
Control

−747 
(1,831)

−267 
(750)

−877 
(2090)

−586 
(856)

e-
TPE + chat 
vs. 
Control

3,553 
(2,400)

5,048 
(1,988)

2,353 
(2,692)

4,916 
(2,621)

Difference in QALYs
Mean 
(SD)

e-TPE vs. 
Control

0.02 (0.02) 0.01 
(0.01)

0.02 (0.02) 0.01 
(0.01)

e-
TPE + chat 
vs. 
Control

0 (0.02) −0.01 
(0.01)

0.01 (0.02) 0 
(0.01)

Difference in YFCs
Mean 
(SD)

e-TPE vs. 
Control

0 (0.01) 0 (0) 0 (0.02) 0 (0)

e-
TPE + chat 
vs. 
Control

0 (0.01) −0.01 
(0.01)

0.01 (0.02) 0 (0)

ICER
€/QALY e-TPE vs. 

Control
e-TPE 
dominant

e-TPE 
domi-
nant

e-TPE 
dominant

e-TPE 
domi-
nant

e-
TPE + chat 
vs. 
Control

Control 
dominant

Con-
trol 
domi-
nant

235,317 Con-
trol 
domi-
nant

€/YFC e-TPE vs. 
Control

e-TPE 
dominant

e-TPE 
domi-
nant

e-TPE 
dominant

e-TPE 
domi-
nant

e-
TPE + chat 
vs. 
Control

Control 
dominant

Con-
trol 
domi-
nant

239,025 Con-
trol 
domi-
nant

ITT intention-to-treat analysis.
PP protocol analysis (these models excluded patients who stated have 
never used the platform during the trial)
MI-PMM multiple imputation using predictive mean matching
e-TPE online patients’ therapeutic education
e-TPE + chat online patients’ therapeutic education enhanced with 
social features
YFC years of full capability
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1 2.a. Cost-effectiveness acceptability curves (CEAC)
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French clinical trials may be explained to patient’s freedom 
to choose between healthcare facilities, making it difficult to 
track costs in different settings. However, it is worth point-
ing out that missing cost data was distributed uniformly 
across the arms. The differences observed in costs in the two 
models are due to the different missing data mechanisms 
and the imputation model. Also, the systematic strategy 
used to manage missing data ensures that we conducted a 
cost-utility analysis while including all assumptions related 
to the missing data mechanism.

Conclusion

This study assessed the added value of community features 
in a hospital-managed, web-based therapeutic patient edu-
cation (e-TPE) platform, using a randomized clinical trial 
(RCT) over a period of 18 months. Our findings suggest that 
while the e-TPE platform is cost-effective compared to stan-
dard care, the addition of community features (e-TPE + chat) 
is less likely to be cost-effective. However, when actively 
used, the e-TPE + chat intervention showed slight improve-
ments in patient outcomes, highlighting the importance of 
sustained engagement. Given the resource-intensive nature 
of community features, these should be selectively offered 
to patients most likely to benefit. Our results emphasize the 
need for tailored interventions and strategies to enhance 
patient engagement, ensuring the platform’s optimal use and 
value for money within healthcare budget constraints.
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16,618 (2,379), suggesting that active platform users may 
derive greater value from the intervention. Moreover, the 
e-TPE + chat arm demonstrated modest improvements in 
outcomes, reinforcing the potential benefits of interactive 
features when patients fully engage with them. However, 
patient engagement is crucial in the success of any web-
based intervention. In this study, we found that 101 (18%) 
patients never used the platform, in line with similar stud-
ies of web-based platforms [38, 39]. To maximize effective-
ness, the e-TPE + chat platform must better engage ESRD 
patients. Given the resource-intensive nature of community 
and social features, which require significant healthcare pro-
fessional involvement, these should be selectively offered to 
patients most likely to benefit. This calls for further analyses 
of patients’ characteristics to identify those most likely to 
benefit from community features.

This study has limitations. Despite patient randomization 
between the three arms at the beginning of the study, patients 
could not be blinded to the intervention. The second limita-
tion is the length of the questionnaire which led to incom-
plete answers and subsequent exclusions. Even though the 
target number of patients was 1,200 (400 patients in each 
arm), only 549 patients were included in the analysis. Sam-
ple size, however, remained important compared to similar 
studies allowing patients’ free choice of platform use [11, 
39]. For instance, to study the effectiveness of a web-based 
educational intervention as a tool to reduce upper gastroin-
testinal tract endoscopy in un-investigated dyspepsia [11], 
included 119 patients while [39] involved 116 patients in 
an attempt to investigate the feasibility of a cross-platform 
smartphone application for Australian adults with chronic 
kidney disease.

The missing data rate in this study was 35%, and the non-
engagement rate was 18%. While the study protocol antici-
pated a 15% dropout rate and a potential non-engagement 
rate of up to 30% [17], the actual non-engagement rate was 
lower than expected. Nonetheless, it underscores the ongo-
ing challenge of patient engagement in web-based inter-
ventions. This highlights the need for targeted strategies to 
encourage participation among those most likely to benefit, 
ensuring optimal resource utilization. Future research should 
aim to identify factors influencing engagement to enhance 
the design and impact of digital health interventions. The 
main limitation remained the high level of missing cost data 
(26%), which can be attributed to several factors, includ-
ing the decentralized nature of data collection across the 
12 participating centres, variations in data recording prac-
tices, and the voluntary aspect of data submission, which 
tends to reduce the accuracy and completeness of healthcare 
records [27]. Therefore, missing data is an inherent weak-
ness of local hospital data collection, requiring effective 
strategies for its management. Also, missing cost data in 
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